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Abstract 
The amount of ubiquitous urban environment surface dust with high contaminants is directly correlated with the 
degree of harm to the human body. This paper discusses the surface dust grain-size distribution characteristics by 
utilizing the multifractal model. The results indicate that urban surface dust particle distribution is a scattered 
distribution. Rényi-dimension spectra curves of dust are either nearly sigma shaped (q ≥ 0), or they follow a quasi-
linear variation (q > 0). The Rényi dimensions (D(q)) and pH were found to have significance correlation. No 
relationship was found between D(q) and Arsenic (As). When q > 0, organic matter (OM) and Mercury (Hg) are 
positively correlated with Rényi dimensions. However, OM and Hg are not correlated with D(q) when q ≥ 0. The use 
of this multifractal model could be considered a way to express the contaminant level in dust. It may be taken into 
consideration in environment management strategies. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Urban surface dust is mainly attached, deposited on impervious surfaces (including roads, bridges, 
streets, squares) and bare ground, on buildings, and it is easily transferred by wind and gravity, etc.,  the 
floating particle size being smaller than 20 meshes (< 920μm) of solid particles [1, 2]. It is urban 
atmospheric dust and surface dirt that are distributed by nature and humans through repeated depositing-
floating-depositing. These are also the main source of particles in the atmosphere. Particle size 
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distribution is the main determinant of the behavior of particle size, and some properties of surface dust 
strongly depend on particle size distribution [3]. Ubiquitous urban surface dust in an urban environment 
with high contaminants correlates directly with the degree of the harm it causes the human body. For 
example, the concentrations of many heavy metals are higher than the background values of soil [4], 
which means that the particle of dust is smaller than the particle of soil. The smaller the particle size, the 
stronger adsorbability and the more contaminants can attach to surface dust [5].  
Therefore, using a laser granulometer to determine surface dust particle size distribution data, we  
investigated the particle size distribution characteristics of surface dust. From the findings we discuss the 
variations of the multifractal parameters of urban surface dust. These parameters are widely used in 
pedology [5-10]. While it is urgent that models be found to represent the distribution characteristics of 
surface dust, particle size distributions are related to contaminant level. We expect that there are direct 
relationships between the parameters and contaminant level in dust. Therefore, it is necessary to find a 
method of characterizing these distributions, with parameters capable of detecting the singularity of each 
distribution. 
The objective of this paper is: (1) to evaluate the applicability of multifractal analysis to characterize 
dust volume-size particle distributions obtained by laser diffraction by means of multifractal parameters, 
namely, Rényi dimensions, and (2) to express the contaminant level in dust by the Rényi dimensions. 
2. Materials and methods 
2.1. Materials 
76 surface dust samples were selected for our study, with the purpose of examining particle-size 
distributions of dust belonging to different functional zones in Wuhu City, Anhui Province. Details of the 
study area and samples can be seen in the reference [11]. 
2.2 Multifractal analysis 
To implement the scaling analysis of a general mass distribution or measure μ supported on the interval 
I = [a,b], a set of different meshes with cells or subintervals of I of equal length is required. A common 
choice is to consider dyadic scaling down, that is, successive partitioning of I of size ε = L × 2−k, L being 
the length of I and k = 0, 1, 2. . At each size scale ε, a number N(ε) = 2k of cells is considered and their 
respective measures μi(ε) are found from the data [7, 12 ,13]. 
Rényi dimensions, D(q), may be used, among other multifractal parameters, to characterize the 
measures. Rényi dimensions, also called generalized dimensions, may be computed through parameter q 
by [7, 12-14]: 
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where q is any real integer. 
Parameter q acts as a scanning tool scrutinizing the denser and rarer regions of the measure μ [7]. For 
q>>1, regions with a high degree of concentration are amplified, while regions with a small degree of 
concentration are magnified for q<<−1. 
The most often used Rényi dimensions are D0 and D1. D0 is called the box-counting dimension, which 
takes into account the scaling properties of those cells (subintervals from dyadic divisions).  D0 represents 
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the dimension of the set of sizes with non-zero relative volume. Value D1 is the entropy dimension of the 
measure and gauges the scaling in the concentration of the measure by taking into account the amount of 
measure in each cell. The higher the D1, the more even the distribution. The range of both dimensions is 
between 0 and 1 for measures supported on the line. The spectrum curves of Rényi dimensions have a 
nearly sigma shape [13]. The spectrum curves at the negative q’s follow a quasi-linear variation [14]. 
2.3. Rényi dimensions computation  
The interval of particle-size (μm) I = [0.04,1504] was considered. Data obtained from the Mastersizer 
are relative volume data v1, v2, ··· , v64, expressed as percentages of the total volume, i.e.,  
64
1i i
100v , 
corresponding to 64 subintervals of sizes, where the vi’s are percentages of the total volume supplied by 
particles whose diameters are between the size limits of Ii. The nature of soil size data causes the intervals 
Ii to be of quite unequal length. For implementing the multifractal analysis of the volume-size distribution 
of soils in the interval I of sizes, consecutively partitioning the interval into subintervals of equal length is 
required. This operation becomes impossible, and a rescaling has to be done. 
The lengths of the intervals Ii supplied by the laser diffraction technique follow a logarithmic scale, i.e., 
while the first subinterval is I1 =[0.04,0.047] (0.007μm of length), the last subinterval is I64=[1272,1504] 
(232μm of length). Thus, the interval I=[0.04,1504] may be partitioned into 64 subintervals Ii=[Φi,Φi+1]，
i=1,2,···,64, such that log(Φi+1/Φi) is constant. Making the transformation φj=log(Φj/Φ1),j=1,2,···,65，a 
new dimensionless interval J=[0,4.575] partitioned into 64 subintervals of equal length, with Ji=[φi, φi+1]; 
i=1, 2, ···, 64, is achieved. 
A number N(ε) = 2k of cells of equal size ε=4.575×2-k(k=1,2,3,···,6), for k ranging from 1 to 6 (i.e., 
from ε=2.288 to 0.071), were considered in the interval J. The relative volume data, vi, were normalized, 
  
64
1i iii
vvV ，i=1,2,···,64，with   
64
1i i
1V , and the measure μi(ε) assigned to those cells 
computed by adding all contributions Vi corresponding to the collection of intervals Ji located in a given 
dyadic cell [11, 13, 14]. This process was repeated for q ranging from -10 to 10, in increments of 0.5. 
Coefficients of determination, R2, of those fits were obtained. 
3. Results and discussion 
3.1 The  particle-size distributions characteristics 
As shown in Figure 1, the maximum peak of sample 53 appears between 200µm and 300µm, and two 
other peaks appear to be in the range from 15µm to 50µm, but this is not obvious. About 34% of particles 
concentrate between 120µm and 370µm, and are of thicker grain. Sample 18 shows two maximum peaks,  
at 40µm and 250µm. Relative to other samples, the dust in fine particulates around 40µm is high, about 
25% of the particle appearing to be between 20µm and 55µm.  
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3.2 Multifractal characteristics 
We calculated the Rényi dimensions D(q) by Eqs (1) and (2), when q belongs to [-10, 10]. When the q 
is negative, the minimum D(q) is D-10= 2.6352 (sample 18), the maximum D(q) is D-10= 5.559 (sample 53). 
When the q is positive, the minimum D(q) is D10= 0.55 (sample 46), and the maximum D(q) is D10= 
0.9219 (sample 34), so we selected these four samples to detail. Relative volume-size distributions for the 
four dust samples are shown in Figure 1. We calculated the box-counting dimension D0 and entropy 
dimension D1. The range of D0 is between 0.956 and 1, and the curve-fitting correlation coefficient R2 is 
more than 0.999. The range of D1 is from 0.7684 to 0.9615, and the curve-fitting correlation coefficient R2 
is more than 0.9881. Further, the ratio of D1 and D0 (D1/D0) can be used to quantify the discrete degrees of 
particulate matter. Caniego et al. [14] used the ratio to study the discrete soil particles in porous media. 
When the value of D0 is changed, there will be a difference between D1/D0 and D1. The value of D1/D0 
being nearly one means that particulate matter is of the same dimension, which also indicates that the 
closer to a parallel to the horizontal axis of the line, the more the even of particle size distribution. When 
the D1/D0 is close to zero, it means that most particles are concentrated in a small area and form a high 
peak on a graph. The interval of D0, D1 and D1/D0 also belongs to [0, 1], however, the values of D0, D1 
and D1/D0 increase from south to north in the study area.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Values of D0, D1, and D1/ D0 to 76 samples 
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Fig.1 Relative volume-size distributions for dust samples selected (4 samples) 
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Although entropy dimension D1 was used to show the performance characteristics of scale and 
heterogeneity, the corresponding particle-size distribution in the D1 interval and the value calculated 
spectrum are not a single parameter that can be used to identify the results. In addition to combined laser 
diffraction analysis and multifractal technology, we therefore applied the multifractal parameters spectrum, 
Rényi dimensions spectra, to come up with a potential method to show the distribution characteristics. 
Using Eqs. (1) and (2), we calculated the Rényi dimensions spectra between - 10 and 10 (Figure 3). The 
distribution range of Rényi dimensions spectra shows a significant variation of D(q) with respect to q and 
wider than the particles of soil [14]. On the left of the vertical axis, they are nearly sigma shaped, while on 
the right they follow a quasi-linear and concave variation (Figures 3 and 4). This means that the 
distribution is discontinuous. The Rényi dimensions spectra curves look nearly sigma shaped. This is a 
feature of multifractal theory. In this study, we found that the fitting coefficient of each sample is more 
than 0.96. 
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Fig.3 Rényi dimensions spectra curves for 76 samples  
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Figure 4 The fitting curves of Rényi dimensions spectra for the average value of 76 samples 
 
  We arrived at the fitting curves of Rényi dimensions spectra (Figure 4), and the values of D(q) are the 
average value of 76 samples. From Figure 4 we can see that on the left of the vertical axis there is nearly a 
sigma shape, 4 times for a polynomial fitting was used, and the fitting coefficient, R2, is 0.9981. To the 
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right of the vertical axis, we see a quasi-linear variation, and a linear fitting was used. Details can be seen 
in the following equation: 
 






0,9311.00151.0
0,9493.03063.12783.0027.0001.0
)(
234
qq
qqqqq
qD    (3) 
It can be concluded that the spectral distribution of the Rényi dimension curve is fine particles on the 
left of the vertical axis, and vice versa. Therefore, the multifractal parameters that are more representative 
characterize the surface dust particle distribution and also provide more information. Thus, particle-size 
distributions may be taken into consideration in management strategies. 
3.2 The relationships between multifractal parameters and contaminant levels 
Multifractal parameters D(q) and pH value show positive significance correlation when q is between -
10 and 0; on the other hand, these show a negative significance correlation (Table 1). There are no 
relationships between D(q) and Arsenic (As) (Table 1). When q is a non-negative number, both organic 
matter (OM) and Mercury (Hg) are positively correlated with the multifractal parameters (Table 1). 
However, both OM and Hg are not correlated with multifractal parameters when q ≤ 0.  
It can be seen that the multifractal model can be used as index to represent the level of some 
contaminants (but not all), although, due to their relationship with pH, they can act as a response of heavy 
metals removal and transform [15] in urban system [16, 17]. The multifractal model also represents the 
level of organic pollutants, owing to the negative significance correlation with OM [18]. Therefore, we 
should pay more attentions to the D(q) when q is between non-negative numbers. 
 
Table 1 Pearson correlation between multifractal parameters and contaminant levels 
q pH OM a As b Hg c q pH OM As Hg 
-10 0.317** -0.131 -0.111 -0.170 0 -0.208** 0.132 0.012 0.109 
-9.5 0.318** -0.131 -0.111 -0.170 0.5 -0.348** 0.253* 0.039 0.247* 
-9 0.317** -0.131 -0.111 -0.170 1 -0.342** 0.265* 0.085 0.263* 
-8.5 0.318** -0.131 -0.111 -0.170 1.5 -0.336** 0.261* 0.120 0.268* 
-8 0.318** -0.131 -0.111 -0.169 2 -0.330** 0.252* 0.140 0.269* 
-7.5 0.318** -0.131 -0.111 -0.169 2.5 -0.326** 0.245* 0.153 0.269* 
-7 0.318** -0.131 -0.111 -0.169 3 -0.323** 0.239* 0.162 0.270* 
-6.5 0.318** -0.131 -0.111 -0.169 3.5 -0.320** 0.235* 0.169 0.272* 
-6 0.318** -0.131 -0.111 -0.169 4 -0.319** 0.233* 0.173 0.274* 
-5.5 0.317** -0.131 -0.111 -0.169 4.5 -0.305** 0.228* 0.177 0.273* 
-5 0.317** -0.131 -0.111 -0.169 5 -0.317** 0.231* 0.178 0.278* 
-4.5 0.317** -0.131 -0.111 -0.169 5.5 -0.315** 0.231* 0.180 0.279* 
-4 0.317** -0.131 -0.111 -0.169 6 -0.315** 0.231* 0.181 0.281* 
-3.5 0.315** -0.132 -0.111 -0.171 6.5 -0.314** 0.231* 0.182 0.282* 
-3 0.314** -0.132 -0.111 -0.171 7 -0.313** 0.232* 0.183 0.284* 
-2.5 0.313** -0.131 -0.111 -0.171 7.5 -0.313** 0.232* 0.184 0.285* 
-2 0.312** -0.130 -0.111 -0.170 8 -0.313** 0.232* 0.184 0.286* 
-1.5 0.313** -0.126 -0.110 -0.168 8.5 -0.312** 0.232* 0.184 0.287* 
-1 0.309** -0.124 -0.109 -0.165 9 -0.310** 0.232* 0.184 0.288* 
-0.5 0.291** -0.115 -0.101 -0.156 9.5 -0.312** 0.233* 0.185 0.289* 
0 -0.208** 0.132 0.012 0.109 10 -0.312** 0.233* 0.185 0.290* 
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pH   -0.054 -0.166 Hg  -0.166 0.373** -0.080  
OM  -0.340**  0.133 0.373** As  -0.054 0.133  -0.080 
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
a is abbreviated from the organic matter of surface dust; b and c are Arsenic and Mercury, respectively. 
4. Conclusions 
Particle-size distributions of urban surface dust are influenced by various factors, shown as a 
logarithmic normal distribution with many peaks. We can conclude that surface dust multifractal 
parameters have a sigma shaped curve, but, unlike soil, multifractal parameters of dust are nearly sigma 
shaped to the left of the vertical axis, while on the right they follow a quasi-linear variation. We created 
the fitting curves of multifractal parameters. The equations of the fitting curves can be used to investigate 
contaminant levels, particularly of Hg. Thus, reaction to particle-size distribution using multifractal 
parameters may be taken into consideration in environmental management strategies. Future research 
should investigate the relationships between multifractal parameters and other pollutants.   
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